IRippon: Effect of Tropical Climate on Efficiency each other. When facing the glare everything he sees becollmes blurred, but his vision improves within about half a minute. Sees yellow dots floating before his eyes.
During April we examined thirteen cases of discomfort due to glare, and twelve cases during May and June.
SYMPTOMS.
Inspection of the symptoms of which the patients complained showed that they could be rough.ly classified into three groups:-(1) Superficial Irritative Groutp.-The most prominent symptoms were conjunctivitis, blepharitis, lacrymation and frontal headache.
(2) Retinal Fatigue Group.-Symptoms of dimness of vision at night or dusk, prolonged after-images and slow adaptation.
(3) Lastly we have cases in which the patient complains of inability to sustain accommodative efforts or convergence for near objects for any length of time. Lacrymation, headache, mental fatigue and frowning are noticed.
These cases form the majority of the subjects who complained of glare. They are very similar to those cases described by Donders as asthenopia, in his report on " Anomalies of Accommodation and Refraction," issued by the Sydenham Society, in 1864. ACCOMMODATIVE ASTHENOPIA.
To the best of my knowledge it was Donders [1] who first described asthenopia in detail, as follows: He said that though the power of vision in those affected with asthenopia was usually acute, nevertheless during reading or writing or other close application of the eyes in indistinct light, objects became blurred or confused and a feeling of fatigue and tension came on, in and above the eyes.
Cause.-Donders believed the cause to be a moderate degree of hypermetropia. The exciting circumstance, however, should not be confounded with the cause, and the exciting condition for the occurrence of asthenopia was the presence of insufficient range of accommodation.
Lieutenant-Colonel Maynard, I.M.S., late Ophthalmic Surgeon to Calcutta Medical College, in his " Manual of Ophthalmic Practice " [2], states that accommodative insufficiency is very common in the tropics, where the climate of the plains is so enervating. He considers it to be due to weakness of the ciliary muscle, and states that it is preceded by illness, all the toxic conditions, neurasthenia, and so on.
INVESTIGATIONS OF AMPLITUDE OF ACCOMMODATION IN CASES COMPLAINING OF EFFECTS OF GLARE.
(1) Definition of Amplitude of Accommodation.-The quantity of accommodation possessed is termed the amplitude. It is the dynamic force necessary to convert the eye from the refractive condition at the far point to that required for vision at the near point. The far point is the most distant point at which clear vision is possible, and in emmetropia is at infinity. The near point is the nearest point at which clear vision is possible. If the emmetrope reads clearly at 10 cm. we know that he must be exerting 100/10 diopters of accommodation (10 diopters = the amplitude). Fine print, or a coarse hair on a white background, is approached towards the eye, and the nearest point at which it is seen clearly is measured. Owing to changes in the lens, the near point recedes as we grow older, and the amplitude at thirty years is about half what it was at the tenth year. The curve of amplitude worked out by Donders is still found in all text-books of physiology and ophthalmology and is the one we used as the standard in our investigations.
(2) Method of estimating Amplitude of Accommodation by the Optometer.-After experimenting with various types of optometers we settled on the " orthops " pointer, which is described in "Visual Optics" by Lawrence [6] . This consists of a flat wooden bar scaled in centimetres and diopters showing the corresponding age opposite each figure, and with a sliding carrier which holds a card with printed words which is used to focus on.
We estimated the refraction subjectively and allowed for any myopia or apparent hypermetropia. Then the closest point of distinct vision was obtained by running the carrier near to the eye until the print became blurred, and then slowly moving it away until it became quite clear and sharp. The examiner covers one eye with a card, and tests each eye separately.
RESULTS.
The results of our investigations into the association between insufficient " range of accommodation" (as Donders puts it) and asthenopia is shown in the attached diagrams.
Series 1 (glare cases), fig. 1 .-Shows twelve cases complaining of symptoms due to glare. The vertical figures on the left indicate the amplitude of accommodation in diopters-and the curve represents Donders' figures and shows the average power of accommodation at different ages. In Series 1 there were twelve cases, each eye was tested separately and plotted on the graph on the line corresponding to the correct age. By comparing the distance of the dots from the normal curve of Donders, we see the amount of the insufficiency of accommodation. Thus we notice in the first series, that twenty-two out of twenty-four tests are below the curve.
In Series 2 (glare cases) ( fig. 2 ), twenty-three out of twenty-four dots are below the curve and the bulk of the dots indicates a slightly greater insufficiency than Series 1, which was taken a month before. These cases were not suffering from any disease, or the effects of any disease which might have caused a general loss of tone and consequent deterioration of the ciliary muscle. The only condition found by Flight-Lieutenant Livingston and myself was that of " effects of glare." The number of cases examined is not enough for us to venture to state any figure indicating the percentage of fatigue of the power of accommodation, but if wve were to draw a circle round the largest group in each series, the centre of the circle would give us a figure, indicating that the power of accommodation was about half what it ought to be. My own practice is to grade cases as " marked fatigue " when the amplitude is 30 per cent. less than normal.
The Control Series (1 and 2) consisted of all the officers available on the station. There was no selection of any kind. All had been exposed to glare for an average of nineteen months. None of them had complained of glare sufficiently to apply for medical relief, but when asked if they had noticed discomfort from glare there were four individuals in Series 1 and two in Series 2 who replied in the affirmative. Inspection of the results shows that the eye condition of the controls varied considerably, and so the result was a purely negative one, though very useful. Thus we notice that whilst the controls are roughly grouped round the normal curve, there are some individuals who are above normal and others below. The four persons who complained of symptoms of glare were all suffering from marked fatigue of accommodation. Working out the degree of insufficiency of accommodation in percentage gave a rough 4 0I 0 .Z idea of the difference between the controls and the cases suffering from glare. It must be stated that these figures cannot be taken as indicating the relative proportion of fatigue due to glare with any amount of accuracy, on account of the small numbers examined.
ACCOMMODATIVE ASTHENOPIA IN EGYPT. On arrival in Egypt I visited each station and carried out routine examinations of all available flying personnel. An attempt was made to find out whether there was any correlation between accommodative asthenopia (estimated by receding of the near point) and length of service in the East: 115 examinations were made and the results indicated that there is a constantly increasing asthenopia in most individuals during their residence in Egypt and the East. The subjects with marked defects of power of accommodation usually had a history of erratic landings.
The diagram exhibited shows the results of an examination of sixteen officers at Ramleh, and indicates that some pilots develop accommodative asthenopia which varies in degrees of severity according to the length of their stay in the East. Certain individuals, however, do not show any correlation. These cases were found to have a special predisposition to the effects of glare on account of errors of refraction and heterophoria.
These investigations suggest that the first indication of visual fatigue is shown by fatigue of accommodation. Although this condition causes discomfort, yet there is no correlation between mild accommodative asthenopia and inability to estimate distance on landing an aeroplane. It is only when there is a marked receding of both near points-about 30 per cent. defective, or spasm of accommodation, that we notice a tendency to make an error of judgment. The importance.therefore lies in the fact that receding of the near point is the sentinel symptom of eye fatigue, and calls our attention to the necessity for further examination.
We now pass to the question of GLARE AND CONVERGENCE. Good convergence is necessary in order to maintain the highest degree of binocular stereoscopic vision. The association between glare as the exciting cause of a breakdown or weakness of convergence was, therefore, the next step in our investigations.
A few preliminary words in explanation of the mechanism of convergence are desirable.
Starting Point of Convergence. -We do not know exactly what position the eyes would take during life in the absence of any converging innervation, though the divergence which follows monocular amblyopia seems to show that it would-be one of considerable divergence. Le Conte has shown that during sleep, and even in his case during drowsiness, the eyes diverge, as they also do in drunkenness, under chloroform and at death. Tonic Convergence.-All muscles possess physiological tone. By this tonic conteaction, the-visual axes are brought into a condition of parallelism, so that on viewing a distant object, and occluding one eye, the vision either remains undeviated, or the object only moves slightly.
Exophoria in distant vision indicates a deficiency, and esophoria an excess of tonic convergence. ACCOMMODATION AND CONVERGENCE.
When a person with a normal pair of emmetropic eyes looks at a near object, the eyes converge in order that both visual axes may be directed at the object. At the same time the eye "accommodates," in order that the rays of light may be accurately focussed on the retina. These two functions, accommodation and convergence, are in ordinary life always employed together, so that they have become " associated." It is difficult, therefore, for a normal pair of eyes to accommodate without converging, or to converge without accommodating. As a rule, each diopter of accommodation is associated with about three-quarters of a imetre-angle of associated convergence, so that in a typical emmetrope, the 4 diopters of accommodation in exercise for vision at a quarter of a metre, are accompanied by 3 ma. of convergence. The deficit of 1 ma. is made up by a visual reflex action known as the " fusion reflex," which protects us against seeing double. This fusion function is maintained in activity by the psychical level, and in the expression of the desire for single binocular vision.
Maddox holds that this " fusion convergence " involves greater wasting of co-ordinating nervous energy than " accommodative convergence" and suggests that it is the cause of the " muscular asthenopia " described by Von Graefe, which Maddox believes to be really a " central asthenopia."
The optometer was used in measuring the convergence in the cases previously described. Both eyes were uncovered, and the carrier moved towards the eyes until the hair or a thin black line appeared doubled. This was the point we estimated as the near point.
Analysis 
Very good
The optometer we used in testing the power of convergence in the cases described only registered accurately up to 2'8 in. so that I have classified our cases as The controls show a mean average of 4'2 in. and 3W75 in. respectively, after an average of nineteen months exposure to tropical conditions.
In Series 1 there were six good cases, five fair cases and three with poor convergence. The poor cases all complained of symptoms of glare. In Series 2 there were three cases of good, six of fair, and three of poor convergence.
EXPERIENCE. In assessing the deleterious effect of eye fatigue in pilots, allowance must be made for the experience of the individual and his ability to fly.
A degree of eye fatigue, which, in a beginner, would certainly be associated with errors of judgment on landing, might not produce any apparent difference in an able and experienced pilot. Nevertheless, we find that an experienced pilot whose eyes show signs of " wear and tear," although he may still land well, will admit that he no longer lands " automatically," but does so with conscious care and deliberation, and frequently with apprehension that he may crash.
At Medical Boards, we often meet with cases of " anxiety neurosis " where the predisposing cause is eye fatigue and constant fear of crashing on landing. Hence the importance of preventing the onset of a psychoneurosis by careful observations of the visual apparatus. By stepping in at the right time and recommending a tired pilot for a rest, we may keep our personnel up to the high standard of fitness required.
CONCLUSIONS.
The most recently acquired faculties are always the first to be lost, and the " stereoscopic sense," belonging to the psychic level, is probably one of the most recent acquirements of the human race. These visual reflexes are the "semi-mechanized results of successive mental adaptations effected by the mental efforts of successive generations."
In some individuals there is an inherent power or "vital force" which enables them to retain their binocular stereoscopic vision under adverse conditions or stress, others under similar conditions will suffer, and in these cases we may consider that there is an inborn tendency to break down, in the same way that the investigations of Sir Frederick Mott [131 have shown that there is an inborn tendency (associated with definite changes in the endocrine organs and cortex) in certain individuals to develop dementia precox at puberty, or mania during childbirth. This conception of "resistance" explains why some complain of the glare and others do not.
We cannot always prophesy wvhether a candidate with normal vision will break down and develop eye trouble during training, becautse we cannot estimate his neuropathic anzd psychopathic predisposition wvith sufficient accuracy at present.
What we aim at achievsng is by carefutl and repeated examinations during the entire period of a flying officer's service, to satisfy ourselves that no visual deterioration has occurred such as may result in an error of judgiment on landing.
(II) TROPICAL CLIMATE AND MENTAL EFFICIENCY.
There appears to be no doubt that tropical climate impairs mental efficiency, and is a predisposing cause to psychoneurosis. Woodruffe [11] has shown that the blonlde white race suffers from tropical light, and eventually tends to die out. Isaac Taylor [12] states that there is no third generation of unmixed European descent in the tropics, as they become sterile. Sterility suggests an endocrine basis for our tropical psychoneurosis, just as the war neurosis was often associated with disturbed endocrine balance. Our psychoneurotic patients however, almost invariably had some mental conflict, and considerable relief was obtained by treatment with suggestion, persuasion or analysis.
FACTORS WHICH PREDOMINATE. Let us briefly consider the various factors which we notice during residence in the plains of India:
(1) Fatique.-There is no doubt that the fatigue caused by the heat and glare of the sun, the irritation of the skin from prickly heat and insect bites, the loss of sleep at night, the lack of nourishing food, the periodical attacks of gastric disorder, &c., definitely diminishes the control normally exercised by the higher mental faculties over the lower mechanisms of the nervous system. Hence, irritability and attacks of anger over trivial incidents, a tendency to magnify small unpleasantnesses, together with lassitude, lack of ambition, and ability to concentrate for any length of time, are the symptoms which are readily noticed towards the end of the hot season.
The intelligent adaptation of one's habits to environment may discount a great deal of the disabilities caused by climate, but before the method is learned and acclimatization has occurred, there may be sufficient loss of control to predispose the subject to a psychoneurosis.
(2) Self-criticism, Race-hostility, cc., as Factors associated with Psychoneurosis.-India is an ideal place for the development of a psychoneurosis or psychosis in a potential psychopath. The European is living in the midst of potentially hostile races. The story of the Mutiny is still remembered, and the riots in the Punjab in 1919 are not forgotten. The recent Afghan War and the Waziristan Campaign were associated with stories of mutilation of prisoners and the prevalence of looting at night in frontier stations is disturbing to sleep. Evidence of this factor as a cause of psychoneurosis is found in the way Europeans congregate at the clubs in Indian stations. However small the station is, there is always a club, and in the evening practically every European in the station goes there.
Social functions, dances and entertaining have an importance in India that is out of proportion to the pleasure which is ordinarily obtained, and the explanation suggested is that the herding together of Europeans is a protective measure induced by the anxiety caused by their small numbers in the midst of an alien race. This anxiety shows itself in the exaggerated desire to maintain prestige." The European feels that he is always under critical observation, and seldom relaxes his watch over his behaviour lest he should lower himself in the eyes of his servants. Inexperienced officers frequently pay absurdly high wages and allow themselves to be cheated rather than admit that they cannot afford to pay the prices asked, through fear of losing " caste." Thus, to the constant strain of self-criticism and observation is added that of financial difficulty, which in the case of married officers is certainly the most serious problem of life in India.
(3) Financial Worry.-Poverty is generally regarded as a crime. We have often noticed people whom we know to be "hard-up" giving absurdly high tips and trying to conceal the crime of poverty. Whilst I know of instances in which financial worry is unavoidable-such as stoppages of pay through clerical errors on the part of the pay agent, debts contracted by an extravagant wife, &c.-yet my observations have impressed me that entertaining and dinner parties, dances, and standing drinks at the club, are an important source of .53 financial worry. The lot of the married officer commanding a squadron, and others from whom entertaining is expected, is particularly hard, for he feels that public opinion obliges him to entertain so as to keep up the position of his rank.
(4) Psychoneurosis in Flying Personnel.-Added to the factors mentioned, the flying officer has the strain of adaptation to a new environment, that is, the air. The view taken by R.A.F. medical authorities is that the chief cause of psychoneurosis in flying officers is a failure to suppress the disturbing emotions produced by the instinct of self-preservation. This failure is due to crashes, forced landings, &c., or to weakness of the higher controlling forces-either innate or acquired, the latter being in many cases associated with toxammic states.
(5) Visual Disorder as a Cause of Psychoneurosis.-We have shown that when the pilot has acquired the art of flying, various manceuvres are performed without conscious thought or " automatically." With the onset of eye-fatigue and lack of ability to estimate distance on landing, the pilot has to perform this act with conscious care, often flattening out too soon so as to avoid crashing, and this is accompanied by the emotion of anxiety. As one pilot of great skill and resolution (whose eyes were fatigued by glare) said to me in India, " Whenever I start to land, I wonder whether I am going to crash." His landings, owing to his skill, were still safe, he knew the performance of his machine, and there was no obvious bad landing such as one would find in a novice with the same degree of defective vision, and his amour-propre would not allow him to ask for a rest. Another pilot, with marked hypermetropia, who, as a scout pilot, won the D.S.O., told me " My landings are erratic, but it is due to nervousness." He confused cause and effect.
PHYSIOGENIC OR PSYCHOGENIC ORIGIN.
The question is often asked why certain individuals develop nervous symptoms, whilst others do not.
The physiogenic theory, according to Sir Frederick Mott [14] , presupposes an inherent germinal narrow physiological margin of normal functional capacity of the brain; and stres^ses which may be physiological (e.g., adolescence or pregnancy), pathological (thyroid insufficiency; microbic toxins, &c.), or psychological (emotional shocks, conflicts, &c.), reveal, excite or accelerate a genetic inadequacy, causing a disintegration of the psychic unity.
The psychogenic school believes with Jung [15] that there is a certain predisposition from which arises a non-adaptable psychological function, which may develop into manifest mental disorder. In proof of this conception is the statement that we have no proof of the primary nature of the organic disorder, but overwhelming proofs exist of a primary psychological fault in function, the history of which can be traced back to the patient's childhood.
TROPICAL CLIMATE AND PSYCHONEUROSIS.
In conclusion, I think we may agree that tropical climate plays a primary part by undermining or lowering the bodily resistance, secondly, mental factors, such as conflicts come in during this debilitated state and determine the nature of the psychoneurotic symptoms. Imperfection of organic functions tends to produce an undue prominence in consciousness of the bodily self and, therefore, an introspective and brooding habit of mrind. It is during this stage that problems seem so hard to face, decisions cannot be made and sleepless nights or nightmares develop. In the worst cases, the family history and early life clearly indicate a psychopathic tendency--and it is suiggested that in selecting individuals for service in the tropics, we should take this into consideration.
